Aims/hypothesis. Type 1 diabetic patients who develop microalbuminuria are clearly disadvantaged in terms of their risk of morbidity and mortality from renal and cardiovascular diseases. It is therefore important to identify potential factors that can predict progression to macroalbuminuria. Methods. This is a 7-year follow-up study of 352 microalbuminuric Type 1 diabetic patients from 31 European centres. Risk factors at baseline were compared in patients who progressed to macroalbuminuria and in patients who remained microalbuminuric or reverted to normoalbuminuria. Risk factors and albumin excretion rate (AER) were measured centrally. Results. Over 7.3 years, 13.9% of the microalbuminuric patients progressed to macroalbuminuria, 35.5% remained microalbuminuric and 50.6% reverted to normoalbuminuria. Independent baseline risk factors for progression to macroalbuminuria were HbA 1 c (7.9% vs 6.8%, p=0.004), AER (64.4 vs 44.9 µg/min, p=0.0001) and-after adjusting for diabetes duration, HbA 1 c and AER-body weight (72 vs 67 kg, p=0.05). Independent factors associated with regression to normoalbuminuria were diabetes duration (15 vs 18 years, p=0.004), AER (37.2 vs 44.9 µg/min, p=0.0001) andafter adjusting for diabetes duration, HbA 1 c and AER-waist-to-hip ratio (0.83 vs 0.86, p=0.05) and incidence of peripheral neuropathy at baseline (24% vs 38%, p=0.001). Blood pressure and smoking did not emerge as risk factors at baseline for the outcome of microalbuminuria. Conclusions/interpretation. A significant fraction of microalbuminuric Type 1 diabetic patients will progress to overt proteinuria. Patients with higher AER values, sub-optimal metabolic control, excess body fat and peripheral neuropathy may carry a particularly high risk of clinical nephropathy requiring aggressive therapeutic intervention.
Introduction
Microalbuminuria in patients with Type 1 diabetes will continue to occur despite major improvements in glycaemic control, as not all patients will achieve the required levels. In addition, a proportion of patients will develop microalbuminuria irrespective of glycaemic levels. Patients who develop microalbuminuria are clearly disadvantaged in terms of their risk of morbidity and mortality, which occur from both renal and SERR, standardised estimates of relative risk · SREs, standardised regression effects · vWF, von Willebrand Factor and follow-up studies. The coefficient of variation for the follow-up specimens was 34%, reflecting the known variability in this measure.
Diabetic peripheral neuropathy was diagnosed as reported previously [2, 5] , on the basis of: (i) presence of one or more neuropathic symptoms; (ii) absence of two or more ankle or knee reflexes; and (iii) abnormal vibration perception threshold, measured by centrally calibrated biothesiometers (Biomedical, Newbury, Ohio, USA) on the right big toe and on the right medial malleolus.
Blood samples were taken, fasting if possible, for measurement of lipids. These were sent to a central laboratory and analysed by standard enzymatic methods (Boehringer Mannheim, Lewes, UK) on a Cobas-Bio centrifugal analyser (Roche, Welwyn Garden City, UK) [6, 7, 8] . LDL cholesterol was calculated according to the Friedewald formula [9] . For HDL measurements, samples with triglyceride concentrations of more than 3 mmol/l were diluted with 0.15 mol/l sodium chloride solution before chemical precipitation. Glycated haemoglobin (HbA 1 c) was measured with an enzyme immunoassay using a monoclonal antibody against HbA 1 c (Dako, Ely, UK) [10] . The reference range for this assay is 2.9 to 4.8%. A sample was sent locally for measurement of HbA 1 c. At baseline the coagulation factors fibrinogen and von Willebrand Factor (vWF) were also measured [11] .
Statistical analyses. These analyses are restricted to those patients who were microalbuminuric (defined as an albumin excretion rate [AER] between 20 and 200 µg/min) at baseline. Follow-up AER values were the arithmetic means of AER values in the two follow-up urine collections. The rate of concordance of the two urine collections at follow-up was 85%.
Baseline and follow-up characteristics for incidence were calculated using regression techniques for continuous variables, and proportions for categorical variables. Adjustment was then made for those variables that were statistically significant in relation to risk of progression and regression, and for HbA 1 c and diabetes duration, which were thought a priori to be the main risk factors.
Multivariate regression models are often used to understand the relative importance of several predictive variables for a given outcome. However, the direct comparison of the size of the beta coefficients of these explanatory variables is problematic, as, for example, a 1-year increase in age cannot be said to be equivalent to a 1% increase in HbA 1 c. Standardised regression effects (SREs) are used to overcome this limitation. SREs are calculated for continuous variables by multiplying the beta estimate from logistic regression models by the standard deviation of that variable; in this case all log-transformed variables were not converted back. This allows the direct comparison of the degree of importance of each variable by standardising for population variance. Multivariate models were restricted to those individuals who had complete data on all included risk factors. A p value of less than 0.05 was considered to be statistically significant.
Results
Of the 578 patients who were microalbuminuric at baseline and potentially available for follow-up, a valid urine collection was available for 352 ( Fig. 1) . In the total microalbuminuric cohort 55.7% of subjects had AER values between 20 and 40 µg/min (n=196), 17.9% had AER values between 41 and cardiovascular diseases. Therefore, it is still important to explore risk factors associated with progression to macroalbuminuria, in order to identify novel predictive or protective factors with possible therapeutic applications. In addition, all Type 1 diabetic patients with microalbuminuria are currently treated with blockers of the renin-angiotensin system, which are known to reduce progression to macroalbuminuria and also increase the chances of reversal to normoalbuminuria [1] . However, it is not known whether this drug therapy should be indicated solely on the presence of microalbuminuria, or whether the presence of other factors which may affect progression or reversal of diabetic renal disease should also be considered.
The EURODIAB Prospective Complications Study (PCS) is ideally placed to address some of these questions, as it is the largest cohort study of people with Type 1 diabetes with centralised standardised measurements and with enough events to provide meaningful analysis. In this study, we selected patients who were microalbuminuric at baseline, and compared baseline risk factors between those who progressed to macroalbuminuria, those who remained microalbuminuric and those who reverted to normoalbuminuria.
Subjects and methods
Study procedure. Full methods of baseline and follow-up examinations have been published elsewhere [2, 3] . All subjects gave informed consent and the study was approved by the local ethics committees. In brief, a total of 3250 men and women with Type 1 diabetes were recruited from 31 centres in 16 European countries. Subjects were aged between 15 and 60 at the baseline investigation phase (1989) (1990) (1991) [2] . The diagnosis of Type 1 diabetes was a clinical one; it had to have occurred before the age of 36 with a continuous need for insulin within a year from diagnosis. Re-examination occurred on average 7.3 years (range: 6.0-8.5) after the baseline investigations.
At follow-up, complication status was again measured using the same protocol as baseline [2] . Two blood pressure measurements were taken at both visits, using the same standard random zero sphygmomanometer, and their mean value was used in all analyses. Hypertension was defined as diastolic blood pressure of 85 mm Hg or more, systolic blood pressure of 135 mm Hg or more, or the use of any anti-hypertensive medication. One 24-h urine collection was performed at baseline. The coefficient of reliability (1−[within-person variance of the difference between repeated measurements/between-person variance of a single measurement]) of this single collection was 0.97 [2] , as determined by analysing data from hidden duplicate samples in a 10% subgroup of randomly selected patients. At follow-up patients performed two 24-h urine collections on two consecutive days to minimise variability. Samples were tested for infection by dipstick (Nephur test) and, if positive, the collections were discarded and a fresh collection advised after any infection had been treated. If the dipstick was negative, aliquots were frozen and sent to London for analysis of urinary albumin, using an immunoturbidimetric method [4] with goat anti-human albumin antisera (Sanofi Diagnostics Pasteur, Minn., USA) and human serum albumin standards (ORHA 20/21 grade HSA; Behring Diagnostics, Hoechst UK, Hounslow UK). The same laboratory was used for baseline 60 µg/min (n=63) and 26.4% had values between 61 and 200 µg/min (n=93) ( Table 1) . Data on baseline risk factors were compared both in subjects who provided and in subjects who did not provide a urine collection at follow-up, excluding those who had died (Table 1) . Subjects without follow-up data had worse glycaemic control at baseline (7.4% vs 7.0%, p=0.01). Fasting triglyceride was also worse in those not followed-up (1.15 vs 1.01 mmol/l, p=0.02). However, there was no difference in mean AER values and the distribution of AER values within the microalbuminuria range at baseline between patients with and patients without follow-up data (Table 1) .
Of the 352 patients who were microalbuminuric at baseline and had valid data at follow-up, 178 reverted to normoalbuminuria (50.6%), 125 remained microalbuminuric (35.5%) and 49 progressed to AER values greater than 200 µg/min (13.9%).
Diabetes duration was shorter in patients who reverted to normoalbuminuria (15 years) than in the other two groups (18 years, p=0.004 for trend) (Table 2). On the other hand, HbA 1 c was only significantly different at baseline in patients who progressed to macroalbuminuria (7.9% vs 6.8%, p=0.004). Baseline AER was lowest in those who reverted to normoalbuminuria (37. Fasting triglyceride and gamma-glutamyltransferase (gamma GT) were lowest in patients who reverted to normoalbuminuria and highest in those who progressed to macroalbuminuria (Table 2 ). In patients who progressed to macroalbuminuria vWF was also higher (1.37 U/ml) than in those who remained microalbuminuric (1.14 U/ml) or regressed to normoalbuminuria (1.10 U/ml) (p=0.04). The WHR was significantly lower in subjects who reverted to normoalbuminuria (0.83) than in the other two groups (0.86, p=0.05). The presence of other microvascular complications, i.e. peripheral neuropathy and retinopathy, was positively related to an adverse outcome (Table 2) .
When the risk factors listed above were adjusted for diabetes duration, HbA 1 c and baseline AER, the factors that remained independently related to regression to normoalbuminuria were the WHR and peripheral neuropathy (Table 3 ). In contrast, body weight was the only factor that remained independently related to the risk of progression to macroalbuminuria (Table 3) . When standardised regression estimates were compared, AER, WHR and peripheral neuropathy were equally predictive in terms of the risk estimate (Table 4) . Once peripheral neuropathy was removed from the model, the esti- For progression to macroalbuminuria, the strongest risk factors were HbA 1 c and AER, followed closely by weight (Table 5 ). When microalbuminuric patients were divided in quintiles according to baseline HbA 1 c, the incidence of subjects progressing to macroalbuminuria increased steadily with increasing levels of HbA 1 c, and was four times higher in the highest category of HbA 1 c than in the lowest (Fig. 2) .
Hypertension was present in 161 (46%) of the microalbuminuric patients at baseline; however, blood (Table 2 ). Only 10% of the patients were on anti-hypertension medications at the beginning of the study, and when any antihypertensive therapy was taken into account, in the multivariate model the odds ratio (OR) for anti-hypertensive use was 1.19 (0.51, 1.41) for patients who reverted to normoalbuminuria compared to those who remained microalbuminuric (p=0.5), and 0.66 (0.23, 1.89) for those who progressed to macroalbuminuria (p=0.4). Therefore, neither baseline blood pressure, nor the use of anti-hypertensive medications emerged as independent risk factors for the outcome of microalbuminuria. When blood pressure distribution was examined at follow-up, 56% of the patients were found to be hypertensive and 121 (35% of the total) were on anti-hypertensive medications. Systolic blood pressure at follow-up was significantly higher in those who progressed to macroalbuminuria (136±22 mm Hg) than in those who remained microalbuminuric (125±21 mm Hg) or reverted to normoalbuminuria (120±18 mm Hg) (p<0.01), whereas diastolic blood pressure did not differ in the three groups. In addition, a different profile was evident when anti-hypertension therapy was analysed according to AER values at follow-up, because 57% of patients progressing to macroalbuminuria were on anti-hypertensive medications compared to 42% of persistently microalbuminuric patients and only 24% of patients reverting to normoalbuminuria (p<0.001). Approximately 83% of those on anti-hypertensive therapy at follow-up were using ACE-inhibitors, and this proportion did not differ in those who had regressed to normal AER values (83%), in those who had remained microalbuminuric (81%), or in those who had progressed to macroalbuminuria (88%) (p=0.8).
Discussion
The EURODIAB PCS is a Europe-wide cohort study of subjects with Type 1 diabetes. Its aim is to examine risk factors associated with the incidence and progression of complications. In this study, we have evaluated the baseline determinants of progression to macroalbuminuria (AER >200 µg/min) and of regression to normoalbuminuria (AER <20 µg/min) in a population of 352 Type 1 diabetic patients who were microalbuminuric at baseline. After a median follow-up period of 7 years, about 14% progressed to macroalbuminuria (two per 100 person-years), 51% were found to be normoalbuminuric and 35% remained microalbuminuric. Examination of the relationship between risk factors at baseline and evolution of microalbuminuria showed that levels of HbA 1 c, AER and body weight at baseline were associated with the progression to macroalbuminuria (Tables 2, 3 ). Conversely, diabetes duration, AER, WHR and incidence of peripheral neuropathy were lowest at baseline in patients who reverted to normoalbuminuria (Tables 2, 3 ). These observations confirm that microalbuminuria is a very good predictor of the risk of developing diabetic kidney disease in Type 1 diabetes. Furthermore, detection of microalbuminuria in the higher range identifies those patients with a particularly high risk of clinical nephropathy. In fact, the rate of progression from microalbuminuria to clinical albuminuria and the significance of microalbuminuria as a predictor of diabetic nephropathy have been a matter of debate [12, 13] . Early retrospective studies described a risk of progression from microalbuminuria to macroalbuminuria of approximately 80% in 6 to 14 years (i.e. six to ten per 100 person-years) [14, 15, 16] . However, in subsequent observational and intervention studies, the observed rate of progression was shown to vary considerably between 2.8 [17] and 13 [18] per 100 person-years. Potential explanations of the observed disparities in the various studies lie in the non-homogeneous diagnostic criteria for micro-and macroalbuminuria and differences in critical determinants of microalbuminuria, including diabetes duration, blood pressure, anti-hypertensive therapy and metabolic control.
Multiple factors may account for the apparently low incidence of macroalbuminuria observed in our study (two per 100 person-years). Firstly, median diabetes duration at baseline was 16 years, a time frame during which a significant amount of Type 1 patients may have already progressed to clinical nephropathy, Fig. 2 . Relationship between glycaemic control at baseline and percentage of subjects progressing to macroalbuminuria at follow-up. *p<0.05 and **p<0.01 vs HbA 1 c ≤5.5% and according to older epidemiological studies [19, 20] , persistently microalbuminuric patients may be at relatively low risk of progressing to that condition. However, in a recent study [21] , the rate of progression to macroalbuminuria in patients with diabetes duration in excess of 30 years was 4.5 per 100 person-years, supporting the notion that even Type 1 diabetic patients with long disease duration may show a significant rate of progression to overt nephropathy. Secondly, a valid AER estimation was obtained in 63.5% of potentially available patients (352/554). Although prospective studies carried out in single centres have a higher follow-up rate [22, 23] , the proportion of patients completing the follow-up tends to decrease with time when large groups of patients are recruited [24] , and this is particularly true given the broad European scope of the EURODIAB multicentre study. Patients not available at follow-up had worse metabolic control, as indicated by higher HbA 1 c and triglyceride concentrations. However, mean AER values and the distribution of AER values at baseline were no different in this group than in patients available at follow-up ( Table 1) . As expected, glycaemic control was also strongly associated with progression to macroalbuminuria, in line with multiple follow-up studies [25, 26, 27] . However, some intervention studies found no significant effect of improved glycaemic control on the risk of progression to overt proteinuria [28, 29] . In those trials it is possible that genetic heterogeneity in alleles associated with development of and/or progression to diabetic nephropathy [30] or an inadequate sample size may have masked a favourable impact of intensive control of hyperglycaemia on the evolution of nephropathy. Recently, Warram et al. [31] studied a large cohort of approximately 300 microalbuminuric Type 1 diabetic subjects for 4 years, and found an increasing risk of developing overt proteinuria for patients with baseline HbA 1 c up to 8.5%. Similarly, when patients of the EURODIAB cohort were divided into quintiles according to baseline HbA 1 c, risk of progression to clinical albuminuria increased steeply, from approximately 1.5 per 100 person-years in the lowest HbA 1 c category to 6.2 per 100 person-years in the highest (Fig. 2) . However, HbA 1 c did not emerge as an independent factor associated with regression to normoalbuminuria (Table 4) . It is not clear whether this suggests a threshold effect or simply the lack of statistical power due to the relatively good metabolic control in these patients (HbA 1 c <7.0%). Overall, our data support the notion that worse metabolic control, as indicated by higher HbA 1 c levels, can identify those patients with greater risk of progression to macroalbuminuria.
After adjusting for diabetes duration, HbA 1 c and AER, body weight remained independently related to the development of macroalbuminuria. Conversely, Type 1 diabetic patients with microalbuminuria and lowest WHR had a greater tendency to revert to normoalbuminuria, suggesting that a lower level of abdominal fat accumulation may be a protective factor for the development of kidney damage. In the EURODIAB cohort, Type 1 diabetic patients with higher WHR were found to carry a greater risk of developing microalbuminuria [3] and retinopathy [32] than those patients with lower abdominal fat. In another study, body weight reduction following caloric restriction was associated with a marked reduction of albuminuria and improvement of kidney function in obese Type 1 and Type 2 diabetic patients [33] .
Insulin resistance is a feature of Type 1 diabetic patients with microalbuminuria, and this contributes to the increased risk of cardiovascular disease in these patients [34, 35] . Notably, in the univariate analysis of this study, both fasting triglyceride and vWF plasma levels, both of which are associated with the insulin resistance syndrome, were significantly higher in patients progressing to overt albuminuria. On the other hand, microalbuminuria may represent a marker of extensive endothelial dysfunction (or generalised vascular damage), which can be the cause both of insulin resistance and of nephropathy. Since abdominal fat accumulation is a phenotypic hallmark of insulin resistance, Type 1 diabetic patients with increased abdominal fat may be particularly prone to vascular impairment, leading to a greater degree of progression to nephropathy (this study) and retinopathy [32] .
Approximately 50% of the 352 Type 1 diabetic subjects who were microalbuminuric at baseline were found to be normoalbuminuric at follow-up. The estimation of patients regressing to normal AER values in our study might have some limitations. The study was originally designed with only one urine collection at baseline, and this could be a potential cause of misclassification of patients, especially for patients with AER values close to the lower limit. However, one potential source of false positives was excluded by testing urine samples for infection. In addition, all manipulations of biological samples were performed locally using a centrally standardised protocol, and AER was measured in a single central laboratory, which was the same for baseline and follow-up urine analyses. It should be noted that the coefficient of reliability, calculated at baseline on a subset of patients with duplicate urine collections, was found to be very high (0.97) [2] . Under these conditions, any potential misclassification of normoalbuminuric patients as microalbuminuric would not affect the identification of risk factors for progression to clinical nephropathy. In this study, more than 60% of patients found to be normoalbuminuric at follow-up had baseline AER values close to the lower limit (20-40 µg/min). In earlier observational studies, the percentage of microalbuminuric patients reverting to normal AER ranged from 7% [16] to 58% [36] of enrolled patients. In a recent 6-year follow-up analysis of Type 1 diabetic patients with AER levels between 30 and 299 µg/min at base-line, regression of microalbuminuria was defined both as an absolute AER value of less than 30 µg/min, and as a 50% reduction of AER. This was done to make the estimate independent of the AER lower threshold [24] . Both assessments gave a similar cumulative proportion of patients reverting to normoalbuminuria (59% and 58% respectively, for the 6-year interval), which is similar to the proportion found in this study (50.6% in 7 years).
We were unable to detect any predictive value of baseline blood pressure, systolic or diastolic, on the evolution of microalbuminuria. This may seem surprising in light of the clear positive effect of blood pressure control on the evolution of diabetic nephropathy in most intervention studies (for review, see [37] ). However, the aim of this study was to identify potential baseline factors associated with risk of progression of microalbuminuria to macroalbuminuria, rather than to evaluate the effects of control of blood pressure or other clinical parameters on the evolution of microalbuminuria. Indeed, blood pressure was found to be a risk marker for incidence of microalbuminuria and progression to overt nephropathy in some [22, 31] , but not all observational studies, including the EURO-DIAB PCS in a previous analysis of 1134 normoalbuminuric patients [3, 21, 23, 38] . It is possible that the increase in blood pressure in patients progressing to overt nephropathy is evident only in close temporal relationship with the increase in AER, and thus may have been missed in the 7-year follow-up interval. It has also been observed that an increase in AER values in Type 1 diabetic subjects may be heralded by an abnormal pattern of night-time blood pressure [39] . We cannot, therefore, rule out that differences in blood pressure at baseline may not have been detectable with a single office measurement, but could have been found if 24-h blood pressure measurements had been performed [40, 41] . However, at follow-up, systolic blood pressure and the use of anti-hypertension medications were higher in patients who had progressed to macroalbuminuria.
In this study, smoking was not associated with progression of diabetic nephropathy. A similar finding has been reported in previous cross-sectional or prospective studies [22, 42] , but not in all studies [43, 44] . The prevalence of ex-smokers in the total EURODIAB cohort was about 23% in men and 14% in women. Even though ex-smokers had significantly higher AER values than patients who never smoked, the prevalence of microalbuminuria did not differ in these two subgroups [44] .
In conclusion, the results of this study confirm that a significant fraction of Type 1 diabetic patients with microalbuminuria will progress to overt proteinuria. Patients with higher AER values, suboptimal metabolic control and excess body fat may carry a particularly high risk of clinical nephropathy and require prompt therapeutic intervention.
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